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NASA T'T F-11,583 

OF AM AXIAL COMPRkSSOR WITH A REI&TI%LY LARGE M3B flIAlSTEB 
5 .  

by G. A. Borisov, E.  A. hkshtanov, L. E. Ol'shteyn. 

ABSTRACT: When the h;b diameter of an axial compressor is rela- 

thjeusual tests (stage - capacity - throttle, intake and ejection of a i r  
in'the atmosphere). Missing in such cases a re  the transitional seg- 
ments of characteristics between the right branch, which corresponds 

pres  sure character is tics. 
The present article shows that this phenomenon i s  related to the par- 
ticulars of the formation of a breakaway flow in stages with a rela- 
tively large hub diameter. This, however, occurs not directly but . . !+tively large, the characteristics of axial stages undergo a break in 

' 

' 

&to 'the continuous flow-around, and the left branch, which reflects 

' 
/ 

only as a result of the effect of flow separation upon the stability of 
the entire stage - grid system, 

, *  I&.& . 

* %  

BREAK IN THE CHAiAC; L'LLL~-!XS--A XLS2LT 2F 2 :.":IT IK?TAEITJTY 
I 
I 

OF THE SYSTEM. 

Y Fig. 1 shows the  experimental c h a r a c t e r i s t i c s  of a s tage of-an 
axial compressor having a r e l a t i v e  hub diameter a t  the  input  of d1=0.8?3. 
The d a t a  were obtained i n  tests involving the drawing of air  from the  
atmosphere and i ts  eject ion,  beyond the t h r o t t l e ,  back i n t o  t h e  atmos- 
phere. The extent  of pressure increase i n  the  s tage  i s  TT* w I .2, w h i l e  
the  drop a t  t h e  t h r o t t l e  is  much l e s s  than c r i t i c a l .  Point A i n  t h e  charac- 1 

t e r i s t i c  curve corresponds t o  the f u l l  opening of t h e  t h r o t t l e .  As t h e  I 

down t o  a rate r e f l e c t e d  by point B. Any f u r t h e r  turning off of t h e  
thrott le-no matter how small-will r e s u l t  i n  a disproport ionate  fur ther  
drop i n  both t h e  amount of air  used and i n  pressure. The operat ional  
parameters of t h e  s tage  thus move t o  point  C. This t r a n s i t i o n  i s  
character ized by t h e  appearance i n  t h e  s tage  of a f u  
zonal, r o t a t , k g  peak-away flow. The v e b c k t y  of. re1 
1.l-iis br;ak-awzy done is w' = 0.1 3 .  

I I *  l a t te r  i s  being shut  off ,  the amount of air used decl ines  monotonically 
' 

- 
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If now the  cross-section of the t h r o t t l e  i s  increased, t h e  flow /135 
of a i r  through the  s tage  w i l l  monotonically increase t o  poin t  D. Next, 

- 
t h e  flow rate will jump t o  point  E, where the c h a r a c t e r i s t i c  curve of t h e  
t h r o t t l e ,  passing through point  D, i n t e r s e c t s  the  r i g h t ,  uninterrupted 
branch of t h e  pressure cha rac t e r i s t i c  of t h e  stage.  Stable  work of t h e  
compressor i n  the  range of operating parameters between poin ts  B and D 
i s  impossible. 

Fig. I. Character is t ic  of s tage  No. 1 obtained 
i n  t e s t s  following the usua l  pa t te rn .  

------Characteristic of t he  t h r o t t l e  i n  a pre- 
c r i t i c a l  drop of t h r o t t l e  pressure.  

It i s  na tu ra l  t o  assume t h a t  t h i s  i n  t h e  c h a r a c t e r i s t i c  i s  
caused by s t a t i c  i n s t a b i l i t y  (Ref. 2) of t he  working parameters of t h e  
s tage  i n  the  given area,  i.e. that the  pressure c h a r a c t e r i s t i c  i n  t h i s  
sec tor  of t he  s tage  i s  s teeper  than t h a t  of t he  t h r o t t l e :  

F f >  e', 
drrm/zm where F'=- 

~ G B / G B  

@f = 

i s  the  s lope of the  pressure curve of t he  s tage,  while 

9*thr/P*thr 

a c , h r / G t h r  
i s  t h e  slope of t h e  t h r o t t l e  curve. 

To ver i fy  t h i s  assumption and t o  ob ta in  the  missing segments of 
t he  pressure curves which would correspond t o  the  
s p e c i a l  tests were ca r r i ed  out with three  s tages  having a z,, from 0.75 t o  
0.875, with ah- input  d i r e c t  from the  atmosphere but t he  e j ec t ion  beyond 
t h e  t h r o t t l e .  The parameters of the t e s t  s tages  a r e  shown i n  t ab le  1. 

i n  usua l  t r ia ls ,  

A reduct ion i n  pressure beyond t h e  t h r o t t l e  was obtained by means 
of a i r  suc t ion  which made it possible t o  increase s i g n i f i c a n t l y  t h e  degree 
of t h r o t t l e  turn-off and thus increase t h e  steepness of t he  corresponding 
c h a r a c t e r i s t i c  curve. 
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Table 1. /136 

2 
2 
2 

0,875 0965 

M 2  0,750 0950 0950 
0,750 0,68 

These t e s t s  confirmed the assumption s t a t e d  e a r l i e r ,  namely 
t h a t  i n  a l l  th ree  s tages  it was i n  f a c t  possible  t o  obta in  a l l  t h e  
c h a r a c t e r i s t i c  points  between B and D (Fig. 2). This proves t h a t  t h e  
break usua l ly  found i n  the  cha rac t e r i s t i c  curve of a stage- with a 
r e l a t i v e l y  la rge  hub diameter i s  due not t o  any inherent  imposs ib i l i tg  
t o  s t a b i l i z e  the  a i r  flow through the s tage  f o r  operating parameters 
a t  which t h e  break occurss_but  i s  due t o  a s t a t i c  i n s t a b i l i t y  of these  
parameters resulting from t h e  great steepness of t h e  stage curve-- 
i.e. t h e  acute decl ine of air  pressure i n  the  l e f t  branch. 

- 

Fig. 2. Charac ter i s t ic  curve of s tage  No. 1, obtained 
i n  t e s t s  with a i r  withdrawal beyond the  t h r o t t l e .  

-I-.--- Throt t le  curve during the  p r e - c r i t i c a l  period 
of pressure drop i n  the  t h r o t t l e ;  

-. L -...- Throt t le  drop during t h e  c r i t i c a l  period of 
pressure drop i n  the  th ro t t l e .  
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/ 137 - However, as  was shown i n  r e f .  2, an increase i n  the  steepness 
of t h e  t h r o t t l e  curve r e f l e c t s  a drop i n  energy sca t t e red  during 
v ibra t ions ,  i.e. a de t e r io ra t ion  of dynamic s t a b i l i t y .  I n  t e s t s  with 
air suc t ion  beyond t h e  t h r o t t l e ,  the condi t ion of dynamic s t a b i l i t y  
was not s a t i s f i e d  a t  any point  t o  the l e f t  of point  B. It turned out  
t h a t  

where L i s  t h e  equivalent  iner t ia  of t he  system, and 

As a resu l t ,  f l u t t e r  was generated i n  the  system. 
C - - i t s  equivalent capacity. 

- -Sue t i o n '  - 

Fig. 3. Diagram of the  s tage  t e s t s .  Air i s  
removed by suct ion from behind t h e  t h r o t t l e  
and a damping device operates a t  the  input.  

To r a i s e  the  dynamic s t a b i l i t y  of the  system i n  t h i s  case,  t he  
method used was t h a t  described i n  re f .  2. The receiver  posi t ioned 
before the  s tage was divided i n t o  two volumes by lengthwise, con- 
c e n t r i c  nets  having a high degree of hydraulic r e s i s t ance  (Fig. 3 ) .  
Such an arrangement leaves v i r t u a l l y  unaltered the  cha rac t e r i s t i c s  
of t h e  ne t  a t  es tab l i shed  operating parameters, but it sharply increases  
the  d i s  s i p a t  ion  of energy when pres su r  e- gener a t  ed os c i l l a t  ions a r i s e  
i n  t h e  receiver .  As a resu l t ,  i n  t e s t s  of s tage  No. 1 ,  with air suc t ion  
beyond t h e  t h r o t t l e  and lengthwise nets  i n  the  input  rece iver ,  it was 
possible  t o  e l iminate  f l u t t e r  over the  e n t i r e  range of operating 
parameters represented i n  the  cha rac t e r i s t i c  curves. Moreover, a t  
rates which o rd ina r i ly  correspond t o  the  a rea  of t he  "break" i n  t h e  
curve, oscillograms were now obtained which make it possible  t o  
follow through the  progressive development of t h e  break i n  t h e  
blade rims of the  stage.  

PARTICULARS OF THE DEVELOPMENT OF A STAGE BREAK 
WHEN THE HUB DIAMETER, z19 IS RELATIVELY LARGE. 

As the  amount of air passing through a s tage  decl ines  with the  
development of a "breaki" i n  the  blade rims, t he  pressure i n  the  s tage  
drops. The ex ten t  of t h i s  drop varies i n  s tages  with d i f f e r e n t  parameters. 
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It i s  a known f a c t  t h a t  t he  diameter xl and t h e  coe f f i c i en t  of a i r  
expenditure 
the  development of t he  s tage  cha rac t e r i s t i c  curve t o  the  l e f t  of 

a re  the two fac tors  having the  g rea t e s t  e f f e c t  upon 

point  n*max. 

I n  s tages  with a small hub diameter Zl, parameters such as  
pressure, work performed, coef f ic ien t  of pressure drop, a l l  change 
smoothly with a decl ine of a i r  expenditure i n  t h e  a rea  of the  break, 
without any abrupt changes or discont inui t ies .  (Fig. 4 )  . Pressure 
measurements with t h e  a i d  of low i n e r t i a  equipment as w e l l  as flow- 
temperature measurements made i n  fror,t of t h e  working wheel, show t h a t  
t h i s  smoothness i n  t h e  case of r e l a t i v e l y  small  hub diameters (&s 0.5) 
i s  due t o  t h e  gradual spread of the break from the  periphery of t h e  
s tage  t o  i t s  hub sec t ions  and t o  a progressive widening of t h e  break- 
zone along t h e  periphery. The number of such zones a l s o  changes, 
reaching 4 t o  5 .  

/138 

Fig. 4. Character is t ic  curve of a stage 
with zl = 0.4 

A--irregular break; B--rotary break. 

A r o t a r y  monozonal break occurs i n  s tages  with a r e l a t i v e l y  
l a rge  hub diameter, i n  t h e  immediate v i c i n i t y  of t h e  IT* 
regime. With progressive t h r o t t l i n g ,  the  r o t a t i o n  speed of the  break- 
away zone i s  somewhat reduced, but i t s  per iphera l  expansion is  increased. 
The breakway zone covers p rac t i ca l ly  the  e n t i r e  height of t he  blade. 
Flow pulsa t ion  oscillograms--both i n  f r o n t  and behind of s tage  No. 1.. 
as they  appear a t  various operating regimes i n  the l e f t  branch of t he  
c h a r a c t e r i s t i c  curve, a r e  shown on Fig. 5. 

operating m a x  
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It i s  prec ise ly  these p e c u l i a r i t i e s  of t h e  breakaway flow--its 
expansion t o  the  f u l l  height of the blade and i t s  monozonal structure-- 
t h a t  r e s u l t  i n  a sharper pressure drop when the  break occurs i n  s tages  
with a r e l a t i v e l y  l a r g e  hub diameter. Any change i n  e f f e c t i v e  pressure 
following the  formation of breakaway zones, can be a t t r i b u t e d  t o  two 
causes: an increase i n  losses  due t o  t h e  leve l ing  out of the  breakaway 
process behind the  s tage,  and changes i n  the  amount of work expended 
t o  increase the  pressure of the gas passing through the stage as a 
r e s u l t  of the  spread of the  flow near the breakaway zones. The e f fec t  
of these f a c t o r s  is  a l l  the  greater,  the  greater  i s  the area of an  
individual  breakaway zone. 

FIGURE NOT REPRODUCIBLE 

Fig. 5 (a, b).  Pressure pulsat ion oscillograms of 
s tage No. 1 during the  formation of breakaway zones 
obtained i n  suct ion t e s t s  as follows: 

a) cLcu = 0.39; b) zla = 0.35. 
1--Full pressure pulsations behind the  s tage ;  2--Full 
pressure pulsations ahead of the working wheel; 3--Ro- 
t a t i o n  count (1 4.14 revolutions) ; 4--The scale  : (0.002 sec . ) ' I 
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The spreading of t h e  flow t o  the  s ides  of t h e  breakaway zone 
r e s u l t s  i n  an increase of t h e  angle of a t t ack  of t he  working-wheel 
blades i n  the  area adjacent t o  the  breakaway zone, on the  s i d e  opposite 
t o  the  d i r ec t ion  of ro t a t ion .  In the middle po r t ion  of t he  zone of a 
break-free flow, the  d i r ec t ion  of the flow is  not affected.  (Fig. 6) .  
It can be assumed t h a t ,  as t h e  amount of air  used i n  the  s tage  i s  
reduced, the  blades carrying the  greatest  load, located near t h e  break- 
away zone on the  s ide  opposite t o  the d i r ec t ion  of r o t a t i o n ,  work 
under the  conditions of a l i m i t  load, i.e. with a maximum deviat ion 
of t he  flow which corresponds t o  p1 min = pLc. 

FIGURE NOT REPRODUCIBLE 

Fig. 5 ( c y  d) .  Oscillograms of pressure pulsat ions 
i n  s tage  No. I during t h e  formation of a breakaway 
zone, t h e  pulsat ions being obtained i n  suc t ion  t e s t s  
as follows: 

c )  = 0.28; d )  Tlcy = 0.23 

Figures 1 t o  4 designate the same oscillograms as 
those appearing i n  Fig. 5 (a, b). 
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If, i n  a system of coordinates r o t a t i n g  j o i n t l y  with a breakaway 
zone, t h e  flow-as a r e s u l t  of spreading--deviates i n  the  v i c i n i t y  of 
t h e  zone by the  value of angle b y  

1' 
of a i r  expenditure i n  the  no-break zone Zlac must be grea te r  than the  
coe f f i c i en t  of expenditure a t  t h e  border of t h e  s tage  break ?? 
value 

then, when @, = BlC, t he  coe f f i c i en t  

by the  
L ac 

- 
/141 
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The t h e o r e t i c a l  pressure i n  the respect ive sec to r s  of the  no-break 
zone increases  proport ionately t o  the r i s e  i n  zla, while on the  opposite 
s ide  of the  breakaway zone the  pressure w i l l  drop by the  same amount as t h e  
r e s u l t  of an increase of the warping of the  flow due t o  ro t a t ion .  
if one assumes t h a t  the  axial component of ve loc i ty  i n  the  no-break zone 
along the  periphery i s  not a l t e r ed ,  the  mean t h e o r e t i c a l  pressure i n  the 
s tage  of a no-break f l o w  w i l l  s t i l l  drop, as compared t o  the  pressure on 
the border of t he  break, by the value of 

Even 

Actually, t he  drop i n  the  amount of work expended w i l l  be even greater  
s ince  the  mean ve loc i ty  of the  no-break zone i s  always grea te r  near t he  
breaking zone on the side opposite t o  t h a t  of t h e  d i r e c t i o n  of ro ta t ion .  

I n  Ref. 1 i t  was shown t h a t  a reduct ion i n  the  r o t a t i o n  ve loc i ty  
of t he  breakaway zone with an  increase i n  the  r e l a t i v e  hub diameter i s  due 
t o  t h e  increased influence of t h e  jo in t  f low sec to r s  both ahead and behind 
the  s tage  i n  question, i.e. t o  an increase i n  t h e i r  r e l a t i v e  length. 

/ 

Fig. 6. Diagram of a breakaway flow i n  the  s tage  of an 
axial compressor. 
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If the  breakaway zone extends t o  only a por t ion  of t h e  radius  of 
t he  flow, then the  s h i f t  i n  both the separa t ion  flow and i n  the  main 
flow w i l l  occur not oLdy r a d i a l l y  b u t  a l so  along t h e  circumference. If, 
however, the  breakaway zone takes up the  e n t i r e  height  of t he  blade,  then 
the displacement can occur only across the  l a t e r a l  borders of the  zone. 
And s ince  the  r e l a t i v e  area of the  l a t e r a l  surfaces  is small, t h e  length 
of t h e  shift--i.e. t he  length  of the adjoining flow sec to r s  ahead of and 
behind t h e  stage--grows, while the  r o t a t i o n  ve loc i ty  of t h e  breakaway . 

zone declines.  Thus the  small ro t a t ion  ve loc i ty  of t he  breakaway zone, 
as shown i n  exper iments , ind ica tes ,  i n  tu rn ,  t h a t  t h e  breakaway zone . 

i n  a s tage  with a l a r g e  d, extends over t h e  e n t i r e  height  of t h e  blade 
o r ,  a t  l e a s t ,  over the  greater  pa r t  of t h i s  height.  

Let us now consider how t o  explain the  f a c t  t h a t  i n  s tages  with a 
r e l a t i v e l y  l a r g e  hub diameter t h e  breakaway zone spreads over t he  e n t i r e  
height  of the  blade or a t  l e a s t  over i t s  g rea t e s t  pa r t .  

We know t h a t ,  i n  the  working wheel of an axial compressor, re ta rded  
p a r t i c l e s  of t he  border layer  a r e  r e j ec t ed  by cen t r i fuga l  forces  toward 
t h e  periphery of the  blade. For the same reason, low energy p a r t i c l e s  
are a l s o  r e j ec t ed  toward the periphery when the  border layer  breaks away-- 
and regard less  of where it had f i r s t  or iginated.  As a r e s u l t ,  the breakaway 
zone i n  the  working wheel a t taches i t s e l f  t o  the  periphery of the  flow 
zone (f ig .  7). 

,Fig. 7. Diagram of the  f low i n  t h e  breakaway zone. 

The mean t angen t i a l  veloci ty  of the p a r t i c l e s  of a i r  i n  the  area 
of t h e  breakaway zone-both a t  the working wheel and ahead of it--is 
c lose  t o  the  c i r c u l a r  per iphera l  veloci ty  of t he  wheel i t s e l f .  Accordingly, 
t he  r a d i a l  pressure gradient i n  the zone i s  determined by cen t r i fugz l  
forces  as  follows : 

Rlt 

'C 

Pr -PI,= 5 pQ2rdr = -L 2 pQZRiS (1 -Z)* ' (1 1 

Here, index "k" refers t o  t h e  periphery of the  flow section, while rc 
is  t h e  inner radius of the  breakaway zone. 
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A t  t he  same time, the pressure along the  periphery of the  zone 
must d i f f e r  but l i t t l e  from the  f u l l  pressure of t h e  incoming flow i n  
f r o n t  of t h e  zone, i .e .  

while pressure p f C  on the  border of t h e  breakaway zone on the  s ide  of 
t h e  hub coincides with the  s ta t ic  pressure i n  the  no-break flow of t he  
same rad ius :  

By using expressions (11, ( 2 )  and (3) t o  def ine pr, and pH , it i s  
poss ib le  t o  e s t a b l i s h  a connection between the  radius  of t h e  inner  limit 
of t h e  breakaway zone and t h e  veloci ty  of the  break-free flow: 1 - f c  

or 3 '  - C 1 C '  

Thus the  rad ius  of the border of t h e  breakaway zone depends only 
upon the  ve loc i ty  of the main flow, while the r e l a t i v e  por t ion  of the  
blade height taken up by the  break, 

depends a l so  upon the  r e l a t i v e  diameter of t he  s tage  hub. 

This r e s u l t  i s  i n  qua l i ta t ive  agreement with numerous experimental 
f ind ings ,  f o r  it i s  known t h a t  the ex ten t  of pressure drop i n  t h e  l e f t  
branch of the  cha rac t e r i s t i c  curve i s  a l l  the  grea te r ,  the  grea te r  are 
t h e  values of and ??lac* It i s  d i f f i c u l t  t o  expect a good quant i ta t ive  
correspondence between the  r e s u l t s  of the  above experiment and t h e  
formula derived on the  bas i s  of purely qua l i t a t ive  considerations.  
However, a numerical evaluation, too, gives very l i k e l y  results: i f  one 
assumes t h a t  the  ve loc i ty  of t h e  flow i n  a no-break zone i s  c lose  t o  the 
mean ve loc i ty  j u s t  ahead of t he  working wheel, a t  t he  border of a s t a b l e ,  
axially symmetrical flow, then it turns  out  t h a t ,  f o r  s tage  No. 1 ,  
(1 - Fc) / (1 - d,) M 1 ,  i.e. t h e  breakaway zone takes  up the  f u l l  height 
of t h e  blade. 

It may be assumed t h a t  t h e  portion of t he  blade height taken up 
by t h e  breakaway zone increases  because of t he  inf luence of the  d i r ec t ing  
mechanism. 
layer i n  a working wheel a r e  re jec ted  toward the  periphery,  so  do 
re ta rded  p a r t i c l e s  i n  the  d i rec t ing  mechanism s h i f t  toward the  hub. 

J u s t  as p a r t i c l e s  of a i r  i n  t he  breakaway zone of t he  border 
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The low ve loc i ty  zone near the  hub of the  d i rec t ing  mechanism raises 
the  counterpressure behind the  working wheel and thereby assists the  
spread of the  breakaway zone over a greater  por t ion  of the blade height 
i n  the  working wheel. For t h i s  reason it i s  advisable t o  introduce, i n  
formula (5), a coeff ic ient  K,  thus: 

The value of K must be comprised within the  linits of 1 C K < 2, and 
the m a x i m u m  value K = 2 corresponds t o  the  assumption that_ the r e l a t i v e  
extent of the  breakaway zone i n  t h e  d i r ec t ing  mechanism, %.d.m., equals 

breakaway zone along radius Lc = 
computed as per formula (5) ,  and t h a t  the  t o t a l  extent  of t he  - - .cb.W.W. - 

+ kb.dSm. 

The r a t i o  /[sin2al. (1-&)] can be regarded as a c r i t e r i a 1  para- 
meter which could be useful ly  employed f o r  an analysis  and generaliza- 
t i o n  of experimental data  dealing with a change i n  s tage pressure i n  the  
l e f t  branch of the  charac te r i s t ic  curve. 

/144 - 

Fig. 8. Character is t ic  curves of two rims ( t h a t  of t he  
d i rec t ing  mechanism, D.M. , and the  working wheel, W.W.) 
of s tage No. 1 ,  obtained i n  t e s t s  by the  usual method. 

o -- i n  t e s t s  without D.M. -- i n  tests with D.M. 
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From formula (6) it is possible t o  e s t a b l i s h  a connection between 
the  minimum value of hub diameter ?fL a t  which the  breakaway zone takes  
up t h e  e n t i r e  height of the blade, and cLc : 

- 
-2 
ClC. (7) 

A s p e c i a l  experiment was s e t  up t o  c l a r i f y  the  r o l e  of the d i r e c t -  
ing  mechanism i n  t h e  development of t h e  break and the  progress of 
pressure c h a r a c t e r i s t i c s  of s tage  No. 1. These c h a r a c t e r i s t i c s  were 
recorded f o r  the  f i r s t  two rims--those of the  d i r e c t i n g  mechanism and 
t h e  working wheel--both i n  the  presence of the  d i r e c t i n g  mechanism and 
without it. The respect ive curves are showfi i n  Fig. 8. When a d i r e c t i n g  
mechanism i s  present ,  the curvesof t h e  f i r s t  two rims of the  l e f t  branch 
--as w e l l  as those of the  s tage as a whole-show a break, r e f l e c t i n g  a 
sharp drop i n  pressure as wel l  as i n  the  c o e f f i c i e n t  of efficiency. 
After t h e  removal of the d i rec t ing  mechanism, the l e f t  branch of t h e  
curve changes sharply-both i n  terms of pressure and efficiency. It 
varies smoothly and continuously as a i r  expenditure decl ines  and, f o r  
any given rate of air  expenditure, both e f f ic iency  and pressure r e g i s t e r  
higher values than they do i n  the  presence of a d b e c t i n g  mechanism., 

Thus the removal of the  d i rec t ing  mechanism has l e d  t o  a q u a l i t a t i v e  
change i n  the  s t r u c t u r e  of the  breakaway f l o w .  Instead of a s t a b l e ,  uni- 
zonal break i n  the s tage,  a multizonal break i s  formed with a much greater  /145 
r o t a t i o n  speed of the breakaway zones (Fig. 9 ) ,  t h e  number of zones 
reaches 12, and the  r e l a t i v e  velocity of t h e i r  r o t a t i o n  increases from 

- 

0.13 t o  0.23. 

FIGURE NOT REPRODUCIBLE 

Fig. 9. Oscillograms of pressure pulsat ions i n  s tage No.1 
obtained i n  t e s t s  without a d i r e c t i n g  mechanism (F’,= 0.242): 
1--Pulsations a t  f u l l  pressure behind the working wheel. 
2--Pulsations a t  f u l l  pressure i n  f r o n t  of the working 
wheel. 3--Time sca le  (C.002 sec.). 
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The question of the influence of the d i r e c t i n g  mechanism and of 
the  number of f i x e d  and r o t a t i n g  rims, i n  general, upon the  r o t a t i o n  
speed of breakaway zones was examined e a r l i e r  i n  r e f .  1. I n  the  present  
case, i n  order t o  understand the causes of pressure drop i n  the  s tage 
following the  formation of a break, it i s  the  influence of the d i r e c t i n g  
mechanism upon the  s t r u c t u r e  of the break flow t h a t  i s  of t h e  g r e a t e s t  
importance. Two reasons can be c i ted  f o r  t h i s :  a )  the  r i s e  i n  counter- 
pressure a t  t h e  hub, behind the  wheel, and b )  a drop i n  t h e  r o t a t i o n  
ve loc i ty  of the  breakaway zones. 

After the break has spread over the  e n t i r e  height of t h e  blade, 
the  difference of pressure i n  the  breakaway zone, plc-pnr 
by c e n t r i f u g a l  f o r c e s ,  can be conpensated only by a curvature of the  
flow surfaces i n  the  meridian plane. The s e t t i n g  up of a d i r e c t i n g  
mechanism, involving increased losses a t  the  hub, leads t o  an increased 
curvature of the flow l i n e s  as w e l l  as t o  increased pressure i n  the  
hub sec$ions of the working wheel. 

, determined 

A reduction i n  the r o t a t i o n  pressure of breakaway zones leads t o  

I n  t h i s  way, t h e  
a s i t u a t i o n  wherein the  flow ahead of the breakaway zone has time t o  
slow down a t  a considerable distance from the  wheel. 
r e l a t i v e  length of t h e  sec tor  i n  which the spreading of t h e  flow occurs 
near t h e  breakaway zone, increases,  and the  widening of the  r e l a t i v e  
surface being occupied by a s ing le  breakaway zone becomes possible.  
This, i n  t u r n ,  leads t o  a greater  change of d i r e c t i o n  i n  sec tors  of t h e  
main flow adjacent t o  t h e  breakaway zone and a l s o  t o  a drop i n  the  amount 
of work being expended t o  increase flow pressure,  i.e. t o  a s t i l l  greater  
drop i n  s tage pressure i n  the l e f t  branch of t h e  c h a r a c t e r i s t i c  curve. 

/146 - 

From experiments with multistage compressors, it i s  known t h a t  
t h e  r o t a t i o n  speed of breakaway zones and the s t r u c t u r e  of a breakaway 
flow i n  a given s tage can be a l te red  s u b s t a n t i a l l y  by the presence of 
other  blade rims. I n  considering t h i s  f a c t  i n  conjunction with the  
described mechanism of t h e  influence of the breakaway s t r u c t u r e  upon 
the  changes i n  pressure,  it may be assumed t h a t  t h e  form of t h e  l e f t  
branch of t h e  c h a r a c t e r i s t i c  curve of the  s tage a l s o  i s  determined got  
only by the parameters of the stage i t s e l f  but  a l s o  by t h e  influence of 
adjacent rims and t h e  conditions on the  s tage boundary i n  general. 

Conclusions 

1. A break i n  t h e  charac te r i s t ics  of a s tage of an axial com- 
pressor  having a la rge  r e l a t i v e  hub diameter is  caused, i n  the us,ual 
tests,  by the s t a t i c  i n s t a b i l i t y  of t h e  s tage- thro t t le  system (F > c3 '). 
The break may be eliminated without a l t e r i n g  the s tage c h a r a c t e r i s t i c s  
by means of increasing t h e  pressure drop a t  t h e  t h r o t t l e ,  i.e. by 
increasing the steepness of i t s  charac te r i s t ic  curve. 

2. The s t a t i c  i n s t a b i l i t y  of operating parameters of stages with a 
l a r g e  hub diameter zL i s  due t o  the acute drop i n  usefu l  pressure i n  a 



stage following the  formation of  a breakaway flow. This, i n  turn,  can 
be explained by the  f a c t  t h a t ,  a t  large values of the  hub diameter, 
the  breakaway zone quickly spreads over t he  e n t i r e  height of the  flow 
sec t ion  of t he  stage. For a given value of the  hub diameter, t he  por t ion  
of blade height taken up by the break i s  d i r e c t l y  proportional t o  the  
dimensionless absolute veloci ty  of t he  flow i n  f r o n t  of the  wheel, a t  
the  border of the  no-break operating zone. I n  quant i ta t ive  terms, this 
can be expressed by the  following formula: 

3. The presence,behind the  working whee1,of a s ta t ionary  
d i r ec t ing  mechanism reduced the velocity of r o t a t i o n  i n  the  breakaway 
zones and leads t o  a unizonal s t r u c t u r e  of the  break. This, apparently, 
increases the  spread of the flow on both s ides  of the  breakaway zone 
and t h i s  results i n  a sharper drop of the  pressure i n  the no-break flow. 

I n  the  absence of a direct ing mechanism i n  the s tage,  there  i s  
formed a multizonal break and the  pressure i n  the l e f t  branch changes 
smoothly. 
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